Introduction: Family factors are directly associated with the psychosocial adjustment of children with chronic illnesses such as asthma (Kaugars, Klinnert, & Bender, 2004) . Research indicates that negative family factors may also contribute to child disease severity via bio-behavioral mechanisms of effect. For instance, children from more conflicted families often experience greater internalizing symptoms that subsequently impact their asthma severity . These pathways have yet to be examined with a comprehensive focus on strength-based family factors. This study examined whether factors such as family cohesion, problem-solving abilities, and communication influence asthma severity via their effects on child depression and anxiety symptoms. Method: Participants were 215 children (136 males and 79 females), ages 5 to 12 years old, and their families. Primary caregiver, child, and teacher ratings of child and family functioning in addition to objective measures of parentchild interactions and asthma severity were collected. Results: Using structural equation modeling, the authors identified significant indirect associations between family factors and child asthma severity via child depressive symptoms; however, these associations were not present in models with child anxiety symptoms. Discussion: Results suggest an indirect effect of family functioning on children's lung function, with differential roles of anxiety and depression in these pathways. This article also highlights the importance of incorporating multirater multimethod measures to understand children's experiences in pediatric asthma.
Despite available preventative treatments, asthma prevalence continues to increase, with roughly 14% of children affected around the world (Global Asthma Network, 2014) . In 2014, pediatric asthma affected more than seven million children in the United States, with a disproportionate amount of them being lowincome and urban (Centers for Disease Control & Prevention, 2016) . Approximately 49% of children with asthma report missing at least one day of school each year and 10.9% report moderate to severe limitations in daily activities (Akinbami, 2012 ). Given high rates of poorly controlled asthma, public health research has focused on identifying factors that contribute to severity level and daily functioning. Whereas past studies have examined the effects of distinct family characteristics on child asthma outcomes, few studies have used strength-based, multirater, multimethod (MRMM) approaches to examining family effects on child pulmonary functioning via distinct anxiety and depression pathways (Fiese, Winter, & Botti, 2011; .
Family Functioning and Child Well-Being
The family is the closest contextual system to a child, and therefore bidirectional associations between children and their families are important in understanding how various processes influence children's well-being in the context of asthma (Spagnola & Fiese, 2010; . The utility in examining the effects of protective family factors on outcomes in pediatric asthma lies in its ability to highlight family strengths associated with children's resilience (e.g., better quality of life [QOL] , less severe asthma, and lower functional severity).
Positive family factors that have been consistently emphasized in family systems models (e.g., Olson, Sprenkle, & Russell, 1979) and identified in developmental and pediatric asthma research include family communication, cohesion, and problem-solving abilities (Drotar & Bonner, 2009; Reichenberg & Broberg, 2005) . Positive family communication, typically defined as openness and members showing interest in and support for one-another's statements during group interactions (Kaugars, Klinnert, & Bender, 2004) , has been shown to predict QOL in children with asthma . Cohesion, defined as cooperative interactions among family members, is also associated with better child outcomes such as higher self-worth and fewer emotional problems (Lindahl & Malik, 2001; Reichenberg & Broberg, 2005) . Finally, problem-solving, characterized by the family's ability to face issues and resolve emotional upset that may arise, has been a target of pediatric psychosocial interventions (Herzer et al., 2011) .
Family Functioning and Asthma Severity
Family functioning also influences disease management and health outcomes. Poor family functioning is theorized to foster more stress, which in turn causes physiological reactivity that influences asthma symptoms (e.g., Marin, Chen, Munch, & Miller, 2009; Miller & Wood, 1997) . The bio-behavioral family model (Wood, 1994) proposes that familial contributions to the exacerbation of pediatric asthma occur through effects on children's biobehavioral reactivity (i.e., anxiety or depression; Wood et al., 2008) . Children in families characterized by more negative emotional climates have reported more internalizing symptoms and poorer pulmonary function (Wood et al., 2015) . Results are less conclusive when the effects of anxiety and depression symptoms on pulmonary function are examined separately. Associations between child depressive and asthma symptoms, albeit limited to crosssectional studies, have been consistently identified even after controlling for anxiety symptoms (Goodwin, Bandiera, Steinberg, Ortega, & Feldman, 2012; . For anxiety, results are less clear; although some studies found direct associations between anxiety and asthma severity, others did not (McCauley, Katon, Russo, Richardson, & Lozano, 2007; .
One explanation for these discrepant findings is suggested by Miller's autonomic dysregulation model, which postulates that depression is linked to asthma severity via airway restriction. Depression is associated with a predominance of vagal/cholinergic reactivity over sympathetic reactivity to stress. This "vagal bias" constitutes vulnerability for children with asthma: when depressive symptoms are coupled with stress, the body experiences an increase in acetylcholine production and bronchoconstriction (Miller, Wood, Lim, Ballow, & Hsu, 2009) . Therefore, children with more depressive symptoms are expected to have increased asthma severity due to their heightened cholinergic states, vagal bias, and increased airway resistance. Other researchers suggest that many negative states, including irritability and panic, may relate to physical symptoms of atopic disorders by causing immune dysregulation (Kewalramani, Bollinger, & Postolache, 2008) . Thus, differential associations of anxiety and depression with asthma symptomatology remain unclear.
This study was designed to examine mechanisms by which positive family characteristics (communication, cohesion, and problemsolving) are associated with asthma severity and adaptation. The proposed pathways were tested with structural equation models controlling for child age, gender, and medication adherence. We hypothesized significant, negative direct relationships between positive family factors and child anxiety and depressive symptoms. In addition, we examined the differential effects of child depressive and anxiety symptoms on asthma symptom severity and adaptation, as defined by measures of subjective functional asthma severity, child reported QOL, and objective pulmonary functioning. Finally, we tested the distinct roles of child depressive and anxiety symptoms in mediating the effect of family positive factors on child asthma severity. In accord with Miller's autonomic dysregulation model, it was predicted that child depressive symptoms would uniquely be associated with more severe asthma and would significantly mediate the effects of family positive factors on child asthma severity.
Method Participants
Participants were 215 children (136 males and 79 females), 5 to 12 years old (M ϭ 7.86, SD ϭ 2.18) and their families from the Institutional Review Board approved the Family Life and Asthma Project. Families were recruited from a hospital-based ambulatory clinic, a pediatric pulmonary clinic, and pediatric practices. Inclusion criteria included an asthma diagnosis for at least 1 year, prescription of asthma controller medication for at least 6 months, and absence of other chronic illnesses. Families self-reported race/ethnicity (53% White, 31% African American, 3% Hispanic, 0.5% Asian American, and 12.5% other) and socioeconomic status (Hollingshead index 8.00 -66.00; M ϭ 38.58, SD ϭ 16.34). Children varied with regard to objective asthma severity, with 22% classified as mild, 30% mildpersistent, 37% moderate-persistent, and 11% severe.
Procedure
Families were approached at clinic visits and informed about the study. Interested families were invited to a university-based lab, where caregiver consent and child assent were obtained and child and caregiver measures were completed. Caregiver permission was obtained to contact teachers, who completed questionnaires regarding child behavior.
Measures
Family cohesion. Children and caregivers completed a 15-minute activity in which they drew a "family crest" together. Interactions were videotaped and coded via the System for Coding Interactions and Family Functioning (Lindahl & Malik, 2001) . The cohesiveness/ cohesion scale used in this study assesses mutual appreciation and unity families display as they work toward a goal. Two coders viewed the interactions separately then rated cohesion, the extent to which families displayed affection, respect, and warmth toward one-another, on a scale from 1 (very low) to 5 (very high; Lindahl & Malik, 2001) . Consensus was reached for all ratings. Interrater rater reliability in our sample, obtained from 45 families (12 with fathers present), was adequate (␣ ϭ .82).
Family functioning. The Family Assessment Device (Epstein, Baldwin, & Bishop, 1983 ) asks respondents to indicate on a 4-point scale how well each of 60 statements describes their family. Two of the six measured domains of family functioning were used in this study: problem solving and communication. Items were averaged to calculate subscale scores in which higher scores indicate poorer family functioning. The Family Assessment Device has demonstrated adequate test-retest reliability (Cronbach's alpha ϭ .66 -.76) and internal consistency (␣ ϭ .72-.92; Miller, Epstein, Bishop, & Keitner, 1985) . Internal consistency in this study was acceptable for the problem-solving (␣ ϭ .67) and communication (␣ ϭ .65) subscales.
Child depressive and anxiety symptoms. Primary caregivers completed the Child Behavior Checklist (CBCL; Achenbach & Rescorla, 2001) . Respondents rated child behaviors on a three-point scale ranging from 0 (absent) to 2 (occurs often). For this study, the DSM-oriented scales of affective problems and anxiety problems were used; both scales have shown high levels of test-retest reliabilities (␣ ϭ .82 and .72, respectively) and significant cross-informant agreement (Pearson's r ϭ .69 and .66, respectively; Achenbach & Rescorla, 2001) .
Teachers completed the Teacher Rating Form (TRF; Achenbach & Rescorla, 2001) , an equivalent form to the CBCL with acceptable testretest (.60 -.96) and internal consistency scores (.72-.92). Significant TRF-CBCL crossinformant agreement has been supported for the affective and anxiety subscales (Achenbach & Rescorla, 2001) .
Objective pulmonary functioning. Child lung function was measured by a respiratory therapist via a PDS313100-WSO KOKO Spirometer, yielding measurements of forced expiratory flow in 1 s (FEV 1 ) and forced expiratory flow for 25-75% of vital capacity ; Raymond, Fiese, Winter, Knestel, & Everhart, 2012) . After coaching on the procedure, children exhaled three times into the spirometer at rest and results with the highest sum of FEV 1 and FVC were recorded. Children repeated testing 10 min after Albuterol administration. A board-certified pediatric pulmonologist reviewed results and classified asthma severity according to NHLBI guidelines; higher scores indicate poorer lung function (1 ϭ slight/ normal, 2 ϭ mild, 3 ϭ moderate, 4 ϭ severe).
Subjective asthma symptoms. Primary caregivers (PC) reported perceived severity of six symptoms (e.g., wheezing, activity limitations) over the past year via the Functional Severity Scale (Rosier et al., 1994) . A total severity score was calculated by combining ratings across items (internal consistency in this sample, ␣ ϭ .71).
Asthma QOL. The Pediatric Asthma QOL Questionnaire (PAQLQ; Juniper et al., 1996 ) is a 23-item self-report measure on which children ages 7 and older reported their impairment on a seven-point scale. For children ages 5-7, we used the Pictorial Version of the PAQLQ; children responded using a picture of a thermometer ranging from empty to full on how much a symptom bothered them in the past week (Everhart & Fiese, 2009) . For this study, we used symptom domain/subscale scores (PAQLQ ␣ ϭ .86 and Pictoral ␣ ϭ .83), which were standardized. Elevated scores indicated better QOL.
Asthma medication adherence. Consistent with prior research (Bender et al., 2000) , each child's adherence to prescribed asthma medication was tracked over a 6-week period via an electronic recording device (MDIlog-II) or telephone diaries (for oral controller medication). Adherence was calculated as the number of doses taken each day divided by prescribed doses, averaged over a 6-week period.
Statistical Analyses
Statistical analyses were conducted using Mplus version 7.31 (Muthen & Muthen, 1998 . Initial data checking detected significant multivariate non-normality via Mardia's normalized estimates (m ij Ͼ 5, p Ͻ .001; Yuan, Bentler, & Zhang, 2005) . Thus, maximum likelihood robust estimation methods were used. Full information maximum likelihood accounted for missing data (Enders, 2001; Muthén, 2011) .
To identify whether our hypothesized models fit the data appropriately, confirmatory factor analysis (CFA) was initially used to confirm the anxiety and depression models. Model fit was assessed using a combination of fit indices and strict cutoffs (Hu & Bentler, 1999; Hooper et al., 2008; Jackson et al., 2009 ). Initial CFAs were followed by SEM analyses for each hypothesized mediation model. Covariates were included in models to control for their association with latent constructs. Finally, bootstrapping analyses with 5,000 samples provided a 95% confidence interval for the effect of each mediation pathway; a confidence interval not containing zero indicated significant mediation (Cheung & Lau, 2008) .
Results
Preliminary analyses identified the absence of 17.7% of teacher and 7% of primary caregiver ratings of child functioning; however, no patterns of missingness were detected. On average, families were rated as having moderate levels of cohesion, communication, and problem solving abilities, while mean child anxiety and depression scores fell in the nonclinical range for parent and teacher reports. Descriptive statistics for all variables are in Table 1 and bivariate correlations are presented in Table 2 .
Depression Pathway Model
CFA evaluated the hypothesized depression model's fit to the observed sample values. Results indicated that this model appropriately fit the sample data, 2 (17, N ϭ 215) ϭ 22.34, p ϭ .17; comparative fit index (CFI) ϭ .94; root mean square error of approximation (RMSEA) ϭ .04; Tucker-Lewis index (TLI) ϭ .91. In addition, all indicators significantly predicted their hypothesized latent constructs. No modification indices greater than 4 were suggested. The depression pathway model was then tested with SEM (see Figure 1) . The model included child gender, age, and medication adherence as covariates, but only adherence was significantly associated with constructs and included in subsequent models. The model fit the data well, 2 (23, N ϭ 215) ϭ 25.60, p ϭ .31; CFI ϭ .97; RMSEA ϭ .02; TLI ϭ .96. Positive family factors were inversely associated with child depression (␤ ϭ Ϫ.31, p ϭ .048) but were not directly associated with asthma severity (␤ ϭ Ϫ.27, ns). Child depression was significantly associated with asthma severity (␤ ϭ .75, p ϭ .03) and the indirect path from family positive factors to asthma severity via child depression was also significant: point estimate of Ϫ.29, 95% CI [Ϫ5.038, Ϫ0.011].
Anxiety Pathway Model
A confirmatory factor analysis, with family factors, child anxiety, and child asthma severity as latent constructs, indicated adequate model fit to the sample data, 2 (17, N ϭ 215) ϭ 22.50, p ϭ .17; CFI ϭ .93; RMSEA ϭ .04; TLI ϭ .88. All indicators significantly predicted their hypothe- sized latent constructs. However, structural equation modeling did not support the anxiety mediation pathway (see Figure 2) . No direct associations between child anxiety and family factors (␤ ϭ Ϫ.11, ns) or between child asthma severity and family factors (␤ ϭ Ϫ.06, ns) emerged. There were also no direct associations between child anxiety and asthma symptom severity (␤ ϭ .13, ns). Bootstrapping analyses confirmed the absence of a mediation pathway, with a point estimate of Ϫ.01, 95% CI [Ϫ0.289 -0.026].
Discussion
The current study examined associations between positive family factors and child asthma outcomes via child depressive and anxiety symptoms, to identify potential skills for future family interventions. This study built upon previous findings by providing a MRMM approach, which provides a more comprehensive view of child and family functioning while minimizing single rater biases (Achenbach, 2006) . These models also extend past research by jointly assessing family's effects on subjective and objective measures of asthma severity (Cowen et al., 2007) and examining bio-behavioral pathways of effect while controlling for medication adherence.
Family Factors, Child Depression, and Asthma
Family functioning was inversely related to child depressive symptoms, confirming the important role families play in children's psychological and physiological adjustment to chronic health conditions (Reichenberg & Broberg, 2005) . The way families openly communicate, unite in solving particular problems, and adapt in the face of threat to optimize family functioning are important in the way a child may adapt to his or her asthma. As they begin to gain more responsibilities, children rely on their families to help them adjust to developmental shifts and asthma management (Kaugars et al., 2004) . Thus, it is crucial for families to communicate well and provide children with extra support during this period (Fulligni & Eccles, 1993; Wigfield et al., 1997) . It is equally important for physicians to be cognizant of the family climate and provide families with psychoeducation on the various contextual factors that can be associated with depressive symp- toms and asthma management (e.g., family stress; Wood et al., 2015) .
Children with more depressive symptoms also had poorer lung function. When children are depressed, they are more likely to respond to environmental stressors via parasympathetic nervous system activation; consequently, with the domination of the parasympathetic nervous system, they are more likely to have constricted airways and greater mucus secretion (Van der Velden & Hulsmann, 1999) . It may be beneficial for children with comorbid asthma and depressive symptoms to receive a referral for evidence-based therapy to minimize depressive symptoms.
Although family functioning did not directly relate to child asthma symptoms, children from families with more positive functioning had fewer depressive symptoms; fewer depressive symptoms were in turn associated with better asthma status. Findings from this study support the notion that the family influences asthma severity via its effects on children's biobehavioral reactivity . Children may feel insecure if the family is not united or lacks effective communication methods . Similarly, children from families with higher levels of cohesion have been shown to have better asthma management behaviors (e.g., asthma knowledge; medication adherence; Rosales, Mcquaid, & KoinisMitchell, 2016) . As primary care settings transition into integrated care, physicians may provide families with opportunities to participate in family based interventions (Yeh, Ma, Huang, Hsueh, & Chiang, 2016) . Such interventions aim to empower families by providing them with the tools necessary to successfully manage pediatric asthma.
Family Factors, Child Anxiety, and Asthma
Though family functioning is generally associated with fewer anxiety symptoms (Bogels & Brechman-Toussaint, 2006), we did not find a significant association between positive family factors and anxiety symptoms. This finding contradicts previously found research suggesting cohesion and conflict contribute to children's anxiety symptoms (Davies, Cummings, & Winter, 2004; Reichenberg & Broberg, 2005 . We used a broad construct of family protective factors, including problem-solving abilities, cohesion, and communication. Similar studies have found that although broad family constructs do not relate to child anxiety, specific attachment quality and autonomy granting are significant contributors to children's sense of anxiety (Stuart Parrigon & Kerns, 2016) . It may also be that children with asthma who experience poor family functioning develop specific types of anxiety, such as separation anxiety or panic attacks, that may not be captured in an overall measure of child anxiety (Fiese, Winter, Wamboldt, Anbar, & Wamboldt, 2010; Goodwin, Fergusson, & Horwood, 2004) .
As hypothesized, we did not find a direct link between child anxiety and asthma severity. Results indicated that anxiety, being primarily associated with the SNS, may not be associated with asthma severity to the same extent as depression. These findings must be interpreted with caution, given the skewed nature of anxiety symptoms in our population. Similarly, only 11% of the children included in the study had asthma in the severe range, which may have limited our ability to detect bio-behavioral effects. However, our findings concur with past studies that have failed to identify a relationship between anxiety and objective measures of asthma severity (Steptoe & Vogele, 1992; Wamboldt, Fritz, Mansell, McQuaid, & Klein, 1998) . It may be that children with anxiety symptoms report increased subjective symptoms of asthma, but those associations are absent with objective measures of lung function. Anxiety symptoms, such as shortness of breath, may mimic asthma symptoms such that individuals misattribute their bodily responses to asthma (Peters & Fritz, 2011) .
The mediational role of child anxiety in the association between family factors and child asthma symptoms was also examined. In agreement with the ANS dysregulation theory ), anxiety did not play a significant role in linking family functioning to child asthma severity. It is important to note that the narrow range of symptoms reported in our sample may have limited the power of the anxiety pathway to a greater extent than the depression pathway, as anxiety is hypothesized to have a smaller effect on child asthma severity . Future studies should evaluate whether associations between family factors, asthma, and anxiety exist for children with diagnosed anxiety disorders; whereas slightly elevated symptoms may be manageable, more severe anxiety may directly influence children's asthma management behaviors. Finally, studies should examine the effects of parental depression on these associations; because parents may influence child symptomology and family functioning, it is important to determine how these associations exist at different levels of parental psychopathology (Feldman et al., 2013) .
Research thus far has focused on examining interrelationships among family factors, internalizing symptoms, and asthma severity; however, few studies have considered separate pathways for child anxiety and depressive symptoms in these associations (McQuaid, Kopel, & Nassau, 2001 ). Our findings suggest that there are different roles for these internalizing symptoms in linking family factors to child pulmonary functioning. Results are consistent with past research focused on family conflict: found that although depressive symptoms mediated the relationship between family conflict and child asthma symptoms, anxiety symptoms did not . The MRMM approach strengthens our findings and study implications by providing a strength-based approach to examining functioning across multiple settings.
Findings should be interpreted with caution, given methodological limitations. First, this study cannot infer causality, given its crosssectional design. For example, our findings could also be explained by a plausible alternative model in which child asthma severity influences family functioning via its effects on child depressive symptoms. In addition, we may not have captured the true nature of children's internalizing symptoms without obtaining their own subjective ratings (Cosi, Canals, Hernán-dez-Martinez, & Vigil-Colet, 2010) . Also, the study's sample size did not provide adequate statistical power to control for anxiety symptoms in our depression mediation model; thus, we cannot infer whether depression predicts child asthma symptoms over and above the effects of anxiety symptoms. Findings require replication with a larger, more diverse sample to ensure greater variability in internalizing symptoms, family functioning, and asthma severity.
Recommendations and Future Directions
Study findings offer preliminary evidence for the relationship between positive family factors and child asthma severity via child depressive symptoms. Future studies should incorporate biological markers (e.g., acetylcholine) and longitudinal designs that can more adequately test directionality and bio-behavioral mechanisms of effect, and more thoroughly explore the multiple contexts of child development that can influence child internalizing (e.g., expanding to peer functioning). Studies should then turn to testing family focused interventions, aimed at enhancing communication and increasing family unity, for children with poor asthma symptom control. Finally, as dynamic care models such as integrated primary care and the patientcentered medical home continue to grow, pediatricians can be encouraged to share knowledge regarding bio-behavioral associations with families to demonstrate how family functioning can affect children's psychological well-being and, ultimately, asthma severity.
